Direct inhibition of N-methyl-D-aspartate (NMDA)-receptor function by antiglaucomatous beta-antagonists.
In the present study, we investigated the direct effects of antiglaucoma drugs (timolol, betaxolol, pilocarpine, and latanoprost) on N-methyl-D-aspartate (NMDA)-receptor function using a Xenopus oocytes expression system and electrophysiological techniques. In oocytes expressing wild-type NMDA (NR1a/NR2A) receptors, timolol and betaxolol significantly inhibited glutamate-evoked currents, whereas less inhibition was obtained with pilocarpine, and latanoprost had few effects. Moreover, the effect of timolol and betaxolol was noncompetitive with respect to glutamate. Mutations that changed Asn616 of the NR1a subunit, a critical residue for Mg(2+) blocking of NMDA receptors, to Arg (N616R) or Gln (N616Q) almost eliminated the inhibitory effects of timolol and betaxolol, as well as the blocking effect of Mg(2+). Experiments were also carried out to examine the protective effects of timolol and betaxolol against death of oocytes expressing NMDA receptors. During incubation of oocytes, especially in Mg(2+)-free medium, cell death was induced by addition of glutamate because of the continuous activation of the NMDA receptors expressed. Timolol and betaxolol significantly improved oocyte viability when they were added during the incubation period. These results suggest that timolol and betaxolol may have an additional role that they directly inhibit NMDA-receptor function, possibly via N616 of the NR1a subunit.